In the highly inbred Strong A strain of mice, an attempt to produce divergent sub-strains with regard to age distribution of spontaneous mammary adenocarcinomas by means of selective breeding proved ineffectual.'
MATERIALS AND METHODS
The 2NHO strain of mice was established in 1943 by outcrossing mice of the pBr subline (genetic constitution ppaabbSeSe) of the NHO strain to mice of the JK strain (genetic constitution ppaabbsese) (Fig. 1 ). The 2NHO mice were then continued for twenty generations. Following the elimination of the short ear gene derived from the JK mice in the early hybrid generations, the 2NHO mice had the genetic constitution During the time the experimental mice were continued, adenomas of the lung were the only tumors which occurred spontaneously in control 2NHO mice, 18 in 188 mice (9.57%) with an average latent period of 776.3 days (747.2 days for females; 836.5 days for males). This is comparable to the incidence of similar tumors in mice of the pBr strain (23 lung tumors in 219 mice-10.5%/), but, in addition, the 219 control pBr mice developed 7 liver tumors (3.29o') and 4 adenocarcinomas of the mammary gland (1.8%). Mice of the JK strain are very resistant to spontaneous tumors. None was observed in 50 females. In a larger series studied over many years, however, lung adenomas and leukemias were occasionally seen (incidence less than 5%1,).
The experimental mice (the 2NHO) were weaned at thirty or more days of age and placed in boxes usually containing two females with two males. When 60 to 70 days of age, they were injected subcutaneously in the right flank with one milligram of methylcholanthrene dissolved in 0.1 cc. of sesame oil. The mice were permitted to raise young. Following sixty days the mice were examined weekly for tumors and were killed when tumors at the site of injection or elsewhere on the surface were firm and increasing progressively in size. When mice became emaciated or showed signs of debility they were killed. Autopsies were performed on all mice and all tumors were recorded, fixed in Bouin's solution, sectioned, and stained with hematoxylin and eosin. The mice were continually subjected to selection toward resistance to all tumors. This was done by keeping the descendants of the most resistant pair of mice in each generation. No the earliest appearance of a tumor (the left end of the line), the 25%, 50%, and 75% points, and the latest appearance of the tumor (the right end of the line) are given. The probable error of the median is indicated by an oval around the 50% point. Total percentage of tumors is indicated by number at the right end of the lines. Latent period is given on the base line.
Mice of the ancestral pBr mice had been injected with methylcholanthrene between the F4 and F. generations before the outcross to the JK stock had been made. The pBr descent had an average latent period for chemically induced fibrosarcomas of 201 days. The JK ancestry had not been treated with methylcholanthrene, and the mice were in the Fm generation when they were outcrossed to mice of the pBr descent.
RESULTS
Four types of lesions were encountered in the mice injected with methylcholanthrene. These were (i) fibrosarcoma at the site of the injection of the carcinogen, (ii) adenoma of the lung, (iii) a gastric lesion just anterior to the pylorus similar to the Brs lesion,4" and (iv) a papilloma of the forestomach, similar to the one occurring in the pBr subline. ' None of these tumors and lesions is unique. They have been encountered in mice of the several selected sublines of NHO descent that were subjected Data on lung adenomas are given in Table 1 and Figure 3 . Forty-three mice developed a gastric lesion near the pylorus (14 females with an average latent period of 247.2 days; 29 males with an average latent period of 419.6 days). These lesions occurred in mice between the F3 and F14 generations in frequency of 1, 2, 2, 1, 3, 3, 2, 6, 11, 8, 3, 1.
Papillomas of the forestomach occurred in 15 mice between the F9 and F14 generations. Six females had an average latent period of 331.0 days, while 9 males had a latent period of 453.6 days. These lesions were of two types, as follows (i) a pedunculated type, in which the squamous epithelium was hyperplastic and folded upon itself, and (ii) a papillomatous lesion originating in a broad base. Two of the lesions showed extensive erosion on the surface. In these there was a pronounced foreign body reaction and a downgrowth of epithelial strands. In one case the epithelial cells contained many eosinophilic bodies in their cytoplasm.
DISCUSSION
There was an increase in the average latent period for the occurrence of fibrosarcomas at the site of the injection of methylcholanthrene between the resulted in the appearance of these lesions earlier and earlier in mice of successive generations. This phenomenon occurred in spite of a continual selection toward resistance to chemically induced tumors. The trend toward earlier appearing tumors was disturbed in mice of the F15 and F16 generations for some unknown cause. However, there was a return to a trend of earlier appearing fibrosarcomas in mice of the F17 generations, which continued to the F20 when the experiment was terminated.
The average latent period for lung adenomas increased in both males and females between the F1 and F4 generations (334.7 days to 395.2 days for females and 430.6 days to 513.3 days for males) (Figure 2 ). It appears, therefore, that the appearance of this tumor was also responding to selection toward resistance to tumors. However, between the F4 and F9 generations the latent period for lung adenomas appeared to be constant in mice of the two sexes. Beyond the F1o, lung adenomas appeared earlier with a subcutaneous injection of methylcholanthrene than they did in the controls. It is also evident that between the F1 and F1l generations the incidence of lung adenomas was above the spontaneous occurrence of the same neoplasia -21.0% compared to 9.6% (Table 1) . However, beyond the Fl1 the incidence of lung adenomas appearing in mice injected with methylcholanthrene was actually below the incidence occurring spontaneously (4.4% compared to 9.6%o, Table 1 ). The sex difference for the appearance of lung adenomas in the early generations F1-F12 was also lost in mice of the advanced F13-F18 generations. No lung tumors were found in methylcholanthrene-treated mice during the F19-F20 generations. These facts can be explained partially by the appearance of fibrosarcomas which killed the animal before there was time for a lung adenoma to develop, and it is not desirable to conclude, therefore, that methycholanthrene had any inhibiting effect on the appearance of lung adenomas in mice beyond the F11 generation.
The two types of gastric lesions, one near the pylorus and the other in the forestomach, have never been found in control 2NHO mice. The significance of their appearance following the subcutaneous injection of methylcholanthrene is not known. In this series, these lesions only appeared during the intermediate generations of inbreeding between the F3-F14, when the average latent period for the occurrence of fibrosarcomas was sufficient for some of the animals to reach the advanced age at which the gastric lesions could appear (363.5 days for the pyloric lesion and 404.5 days for the forestomach polyp).
Lung adenomas appeared much earlier in mice following the subcutaneous injection of methylcholanthrene. The controls developed lung adenomas with an average latent period of 776.3 days (latent period 747.2 days for females and 836.5 days for males), whereas the methylcholanthrene-treated mice developed lung adenomas on an average of 499.8 days for males between F1 and F1l and 332.3 days for males between F12 and F20; 367.0 days for females between F1 and F1l and 253 days for females between F12 and F20.
SUM MARY A total of 3247 mice of the 2NHO descent have been injected subcutaneously with one milligram of methylcholanthrene at sixty days of age. The mice belonged to the F1-F20 generations. A selection toward resistance to all chemically induced tumors was constantly employed. Fibrosarcoma at the site of the injection of the carcinogen and lung adenomas appeared to respond to selection between F1-F4. However, beginning with F5 there was a reversal of susceptibility to these two tumors in spite of selection toward greater resistance. Adenomatous lesions near the pylorus and papillomas of the forestomach appeared in mice only during the intermediate generations F3-F14. Following a period of delayed latency for the appearance of fibrosarcomas as a result of selection toward resistance to such tumors, there was a progressively earlier appearance of such tumors counter to the trend of selection providing methylcholanthrene had been injected into both parents over many generations. This phenomenon of reversed susceptibility to induced tumors has occurred in all selected lines and must be considered the rule.
